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CHAPTER I
BACKGROUND TO THE STUDY OP CHALKBOARDS

CHAPTER I
BACKGROUND TO THE STUDY OP CHALKBOARDS
Prior to 193$ the blackboard was accepted without much
question, but in January of that year The Texas State De¬
partment of Health set up a long range program in child
development. An administrative unit was established under
the direction of a specialist in education and child de¬
velopment. Fourteen professional societies and organizations
including teachers, medical, and technical groups went to
work to study the physical and psychological difficulties
of Texas children and to make recommendations that would
correct these faults.^Out of these studies came some data on school light¬
ing and illumination as reflected from walls, ceilings,
floors, desks, olackboards and other surfaces. The posture
habits of children were studied and the twisting and turn¬
ing of children in the classroom in balancing the light on
their books and seeing the blackboard was studied in con¬
nection with their dental, visual and posture defects. The
study of posture defects went as far as lopsided sitting
and standing and their nutritionsl effects. "The Co-ordin¬
ated Classroom'1 2 as developed by Darell Boyd Harmon explains
in detail much of the work done.^
In this report Harmon found that the area of the task-

(1) Harmon, Darell Boyd
(2) Ibid,

p. 5.

The Co-ordinated Classroom p. 1,

2
chalkboard, or desk top should not have a brightness range
exceeding one-third that of the adjacent areas. Further
studies indicated that the chalkboard surface should re¬
flect light between 20% and 3*+$*^

Harmon then explained

that:
The best color for chalkboards would be one min¬
imizing the effects of chromatic aberration. The
average distance from children to chalkboard approach¬
es/ the distance for the optical '‘infinity11 of the
eye- 6 meters; consequently the best color wo'old
then be in the range of yellow-green.
After the report on the “Co-ordinated Classroom'1 the
trend was to install new green boards, or paint existing
ones green. The result was to find competition strong in
the race to sell the green products. Each manufacturer had
the answers the easiest to read: the solution to eye strain,
and so on.
To anyone who enters a modern classroom, it soon be¬
comes evident that green is a nebulous word. Boards are
in many shades of green, end since some manufacturers ex¬
plicitly warn against washing the surface, it is obvious
that the green takes on the hue of the chalk last used on
the board. One of the advertisers uses the term “Sight
Saving Chalk". This is a yellow chalk and in combination
with one of the unwashable surfaces produces a board of a
yellowish-green color upon which more yellow chalk forms
(3) Harmon., ojd. cit., p. 4l
(4) Ibid, p. 4l

3
a pattern quite indistinct, Harmon accepts this practice
stating:^
Yellow-green has the greatest luminosity, so
when the eye is light adapted, the eye at rest ac¬
comodates to yellow-green (5500 to 5600 A), with
shorter wave-lengths falling to focus ahead of the
retina, and longer wave-lengths behind it. Hence
the static eye is myopic for radiation shorter than
yellow-green —a situation which in action it at¬
tempts to overcome.
Children of grammar school age, if not in the middle of
the focussing range have a slight tendency toward far¬
sightedness, and' by no means are they classed as ’’Static”.
Inasmuch as Harmon limits the hue of green to be used
in chalkboards both as to reflectance and color, within
narrow limits, then one naturally questions the variation
so evident in the public and private schools.

A reply from The Pittsburgh Plate Glass Company in a
letter dated February 16th., 1953 asking why green and
what green was used in the manufacture of chalkboards
brought this answer: ”1 don’t believe that I can give you
the exact scientific reason why.we use largely green chalk¬
boards, because in arriving at this color we consulted with
others who had done considerable work, -”.6

The writer visited the Hettinger Corporation of Waltham,
Massachusetts, an enameling compamy which makes a popular
brand of chalkboard surface, and interviewed Mr. Robert
Weaver. The question of color measurement of the ’’Armorply”
(5) Harmon., op. ctt., p. 40
(6) Letter Appendix #1

4
chalkboard was discussed and although Mr. Weaver is the
technical head of the Bettinger laboratory, he admitted
that no attempt is made to establish reflectance or wave¬
length of the boards. Uniformity is controlled by always
weighing the quantities of pigments the same for each
batch. The Bettinger Corporation will apply any color and
any surface texture wished: glossy, matte, or any degree
between. This company received an order from The Southern
Railroad for a few hundred enamelled sheets ruled for
station use:- "Train No.", "Arrive", "Leave". With the or¬
der came a sample of the green color that the railroad
uses for painting rolling stock, stations, buildings,
fences and signs. These chalkboards were to be made this
"Southern Railroad Green". After the order had been filled,
The Bettinger Company continued enamelling sheets this
color for the United States Plywood Corporation, who bonds
the metal to plywood and markets the product as "Armorply
Chalkboard". Their advertising says,7 "Armorply Chalkboard
adopts natures favorite color...for maximum readability, eye
ease and pleasing appearance. Of all colors tested, Chloro¬
phyll Green, the color most commonly appearing in nature,
has proved the best background for chalk". The Bettinger
Company tried to estaolisn a standard for chlorophyll green.
(7) Copy of Advertisement, Appendix #2

5
A conversation between them and the Waltham Field Station
brought out the fact that there is no one chlorophyll green,
as it appears light and yellowish as in celery, dark bluegreen as in the needles of pine and spruce and with thou¬
sands of variations between, lighter and darker.
After the "Armorply" product had been on the market
for some time, the Bettinger Corporation had a visitor, an
educator from one of the Boston colleges interested in an
inspection trip through the factory. During his visit he
suggested that the green boards might be a little darker.
A drawer of scrap wall tiles was pulled out and he select¬
ed a shade of green slightly bluer and darker than the
original "Southern Railroad Green". "Armorply" is now this
slightly darker board.
Still attempting to establish more basis for the green,
the writer wrote to the researcher at the General Electric
Company, who is referred to in many articles in the fields
of school illumination and color reflectances. The reply
dated May 13, 1953 from the Application Engineering De-

Q
partment at Nela Park is lengthy, but in part says:
"First of all, there is nothing sacred about the use of
the color green..".
tral".

"It is rated as psychologically neu¬

"There are some other people who select green rather

than some other color because it compliments the teacher’s
complexion much more effectively than would other colors".

(8) Letter , Appendix #3

6
'’There is nothing wrong, of course with blackboards,

if

there is auxiliary illumination placed on them so that
their brightness comes within the 1/3 to 1 recommended

j

ratio”.

The theories held commonly are easily exploded. The
idea that green appears most in nature might be somewhat
studied, and by dividing the 2b hours into day and night
the possibility of seeing green is cut in half.

If one

lives in one of the canyons of a big city, green in nature
is very rare. To country people, from the horizon up, blue
might compete with green, especially where winter changes
the ground color to white, straw, and earth plus a few oth¬
er colors of water and ice.

In other words subtract the

dark of night, the blue and gray of the skies, the pavements,
snow, straw and earth, plus the white clouds, red sunsets,
autumn colors, brown barks, and the proportion of green
in nature might be very small, at least not enough to sup¬
port a reason for bringing green into the classroom.
To the people who use the thought that green is a
neutral color, there is little basis. Green is not neutral.
Browns and grays are neutral colors, yet some teachers
have become very tired of the brown wainscoting of a few
years ago.
There have been some good reasons advanced for chang¬
ing the old room color scheme.
The Illuminating Engineering Society and the American
Institute of Architects have sponsored an American Standard

7
for School Lighting which has been approved by the Amer¬
ce
ican Standards Association, Incorporated.' In their treat
raent they have established many minimum requirements in
all phases of classroom ilumination. This study will con¬
sider only those effecting chalkboards. In their studies
they found that, “Large, clear writing with soft chalk on
a clean board will aid the pupils in the rear seats to
see material on the chalkboardl*

Glean boards have been

specified. In a later section all boards will be consid¬
ered clean, otherwise color descriptions would be meaning¬
less.
“In many classrooms blackboards became gray
and semi-polished5 the chalk is hard and the
writing of many teachers is small. Such condi¬
tions increase the difficulty of seeing and may
become serious handicaps to the children in the
rear seats, and especially to those with subnor¬
mal vision. The vertical illumination at the
board, from the general lighting system is about
half the average horizontal illumination received
at the desks. Where such chalkboards are used
extensively, supplementary lighting is recom¬
mended to relieve the severity of the seeing
task.“ 10
In this paragraph is introduced the problem of re¬
flection due to surface smoothness. In an attempt to es¬
tablish a basis for surface roughness the writer has been
informed in a personal letter from the Application Engi¬
neering Department of the General Electric Company
(9)

that

Illuminating Engineering Society American Institute of
Architects, American Standard Practices for School
Lighting p. 35

(10) Ibid., p 3?

8
there is no known standard set up for chalkboard surfaces,
however the standards for surface finish are well estabbished in metal and plastic work.11
The chalkboard industry is well aware of several fac¬
tors that influence the use of boards. One of these is
“shine'’ or reflectance which causes glare or highlights.
A second factor is tooth or roughness. Without tooth a
board would be difficult to write upon. Manufacturers of
paint and plastic surfaces add materials such as powdered
emery to give the surface tooth. In a discussion with Mr.
George Russell, a paint specialist at the Pittsfield Gen¬
eral Electric Company plant, he stated that too much tooth
makes erasures impossible. An extremely rough board has to
be washed. In some cases this is desirable as the board is
r.hen clean for use and the chalk writes exceptionally well.
This is done in industry for cafeteria menu boards.
1 Another problem bearing upon the surface of boards is

",,:e presence of “ghosts". New boards commonly have ghosts.
If a new board is written upon and is erased, although the
visible chalk is removed the writing can still be read as
a dullness remaining where the chalk was applied. These
dull lines are called “ghosts”.
Since surface texture is a problem common to all col¬
ors of boards and since there is no established standard,
(11) Personal letter, Appendix # 3

9
this dimension will not be considered, other than to use
the term "flat" or "matte'1 surface.
Since the original treatise by Harmon, there have
been a few changes. One very important change is that the
percentage of reflectance for chalkboards has been dropped
to 15% to 20% by the American Standards Association, Inc.
By dropping to the lower value, black chalkboards are ac¬
ceptable since natural slate has a value of 8% when new
and 15% to 17% when "chalked in".
"Some published data on the 2-6% reflectance
value for slate were based on measurements taken
from black dyed natural slate boards or, as is
known in at least one instance, of black 'slate'
paint." 12
There have been some variations in the way of think¬
ing about the color reflectance of walls adjacent to the
task area. One famous color consultant, Mr. John Hopkins,
is not in favor of using pastel colors on the end walls.
He prefers strong, rich medium tones to give a dynamic
effect. Other persons have indicated that a band of an in¬
termediate color between the dark boards and the walls be
used. With this treatment it is possible to use very dark
boards as some of the wall colors reflect as little as 30%,
and since there is a group of people accepting the upper
limit of 1 to 5 ratio of brightness, even the black dyed
slate could be used.

(12) Mullen, W. F.

, Slate

Chalkboards are Modern Too ,p. 4

10
As far back as Harmon*s original study the necessity
for less contrast with the near task was recognized, yet
he did not suggest that text books be printed in light ink
upon a yellow-green paper. One of the failures of the
Harmon theory that is being revised is that chalkboards

13
are not as easily read now as when they were natural slate.
Possibly one of the reasons that the lamp manufacturers
have grasped at the opportunities presented by Harmon is
that the lighter the surface of the boards and desks, the
more illumination is necessary to see the task.
From the table below it can readily be seen that as the
contrast decreases, the necessity for more illumination increases.

Ik

TA3L5 I
Relative Illumination Needed for Tasks of Varying Difficulty

Tasks

Relative Footcandles
Per cent

8-point Bodoni type (used as reference)
100
Good writing on chalkboard (6 ft. from board) 100
Own handwriting in pencil
' ’
200
Good writing on chalkboard (22 ft. from board)700
White thread on white crepe cloth
1000
Black thread on dark cloth
b-250

impedance

The contrast of black thread against dark cloth is less than
white thread in white cloth because of the shadow on white
(13) Mullen, W. F. , ’’Slate Chalkboards Provide Eye Ease”,
American School Board Journal, (June 1952) p. b-6.
(14)

Illuminating Engineering Society,

od.

cit.

p.

55*

11

that is not visible on the dark colors.
Light boards especially yellow-green upon which are
written words in a color near that of the board as yellow,
requires many times the amount of illumination of a black
board with white chalk. Table I shows clearly that like
colors require much light to be seen easily.

For a more

complete picture of illumination needs for chalkboards of
different reflectances illustration I is included.^
From the viewpoint of the eye specialist the following
statements must be considered.

16

1. Contrast is exceedingly important. Contrast
between an object and its background is the pri¬
mary factor on which visibility depends.
2. It is not reasonable that a yellow-green
background (to a writing task) which would be im¬
agined in the perifery of the retina would be par¬
ticularly restful or useful as far as visual tasks
are concerned.
3. In answer to the question: is green easy on
the eyes, there is no evidence that it is any eas¬
ier on the eyes than grays or many other colors.
Its benefit appears to be primarily psychological.
4. There is no denying the fact that a person
working on tasks involving very low contrast has —
while working on them—the practical equivalent of
very poor visual acuity under ordinary levels of
illumination.
5. The eye is^a highly adaptive instrument and,
providing there is good light with proper surround¬
ings, good visual acuity corrected for any refrac¬
tive error, no one especially a child, would be sub¬
jected to undue physical fatigue from white chalk on
a slate board. Under the same conditions, most peo¬
ple are able to read all day with little or no
(15) Mullen, o£. cit. p. 46
(16) Ibid,

pp. 46-47

12
ocular discomfort from the printed page where the
proper contrast exists.
6. For instantaneous resolution the blackboard

is superior to the greenboard but for long periods
of staring (not normal in classroom programs) some
eyes (particularly myopic) may need to accomodate
to hold the white chalk image in the same plane of
reference as the blackboard. The green board is.
easier on the myopic eye because it corrects this
third dimensional effect.
7. Most children are slightly far sighted or
possess normal vision. Any myopic tendency is pro¬
gressive and is not agravated by seeing tasks.(This
suggests that the green board is a corrective for
adult visual problems, not children’s.)
8. The art of camouflage employs the principle

of low contrast to provide inconspicuousness, ’./hen
the same principle is employed by using white chalk
on a light green chalkboard, the chalk mark, be¬
comes a form of camouflage difficult to resolve
from its background.
Relative to the acuity and illumination for backgrounds
17
of different reflectance this has been said:
Chalk marks on a clean blackboard of 10% reflectivity
require 30 footcandles for good acuity: for equiva¬
lent acuity from a light green chalkboard of 20% re¬
flectance notice from the plotted data (illustration I)
that 53 footcandles would be required. This relation¬
ship becomes even more critical as the reflectivity
of the board increases with use; slate normally has
a reflectivity of 15$ in use whereas the light col¬
ored boards have as high as 25$-30$ raising the footcandle requirements of the latter to an expensive,
high level.
These data were obtained, in part from from lighting
engineers who were concerned over reports from mod¬
ern classrooms that children could not read from the
light colored boards-In a word the 5050° chalkboard
in the chlorophyll green range no longer is consid¬
ered tenable with the latest established evidence.
(17) Mullen, op. pit., p. 46

13
From the standpoint of the color conditioner;
He would prefer having a wider latitude of col¬
ors choice which he does not have when green chalk¬
boards are used because of the harmonic unbalance
resulting.

i

PERCENT REFLECTIVITY
Empirical Relationship Between Reflectivity
Illumination and Visibility

lb

ILLUSTRATION I

OcT

Footcandles

CHAPTER II
FUNCTIONS OF THE EYE

CHAPTER II
FUNCTIONS OF THE EYE
vision-- vision is an individual matter, varying both
in acuity and in color interpretation. To the psychologist
vision has many facets not commonly considered by the phys¬
icist. Actually there are three areas of thinking on vision:
the psychological, the scientific and the psycho-physical.
Psychologically there is an attempt to tie color to
associations. The color acts as a stumulus in the inter¬
preting of various feelings, emotions and meanings.
MThe typical color response of the living observer
is far more complicated and variable than the psycho¬
physical color. The psychology of color is logically
concerned with the bearing of color on any or all of
the conscious functions and behavior of the organism,
including sensation, perception, attention, learning,
recall, recognition, imagination, motivation, feeling,
emotion, reasoning and action.1
There will be no consideration of the psychological
aspect of color. This study will be limited to the laws of
physical and psycho-physical vision.
The Psycho-physical Laws-- These laws must be consid¬
ered as there are many sensory effects of color, which can
not be measured or even explained satisfactorily. Some of
the optical illusions are well known to the lay public,
others are considered by the professional colorimetrist.
The Pqrkin.je Phenomenon— During the period of twi¬
light vision the crest of the spectrum shifts toward the
lower, end of the spectrum in the manner from about 555 mu.
(1) Committee on Colorimetry, The Science of Color, p. 100
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(micron) to 510 mu. This is one of the better known phenomena
and since the study of green chalkboards centers around this
area of the spectrum, the quantity of illumination on the
boards may control to a limited extent the quality of color.
The Bezold-Brucke Phenomenon-— In observing the com¬
plete spectrum under a changing intensity of illumination
certain areas of the spectrum appear to move to the right
while others move to the left. The significance of this
could have a bearing upon apparent contrast between the
background and the pattern placed upon it.
Flicker-- MIf the frequency of dark and light alter¬
nations is increased slowly from zero, there is at
first no flicker experience, then an early stage of
coarse flicker develops which with increasing fre¬
quency becomes finer until finally there is again
no flicker. The frequency at which flicker disap¬
pears is called the critical fusion frequency, or
fusion frequency.n 2
This is a factor considered in motion pictures, television
and in intermittent light sources as fluorescent lighting.
Chromatic After-images— After a long fixation of a
color a negative or complementary will probably appear
when the eyes are turned onto a gray card. A second after¬
image of the original hue is a hocromatic after-image.
This phenomenon may have a bearing upon the selection of
chalkboards,

especially in the presence of some recommend¬

ed room illumination, or where strong sunlight hits a por¬
tion of the task area.
(2) Committee on Colorimetry, or. cit.

p. 109
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Color Enhancement-- Color contrast produces an inten¬
sification of perceived differences between neighboring col¬
ors. This accentuation is of practical importance, because
it makes objects stand out more prominently from their
surroundings.
‘'Complementary blue and yellow appear bluer and
yellower when together than when separate, and the
same is true of all other complementary or near
complementary pairs." 3
Illustration II, page 19* is included to show some of the
complementary combinations. The color across the "wheel"
is the complement. Red and green are complementary, as is
orange and blue, or yellow and violet.
Theories of Vision-- Actually there is no proof for any
of the theories of vision. Physiologically it is supposed
that light passes through several portions of the eye to
a sensitive area where the light patterns are converted to
nerve impulses that are transmitted to the brain for in¬
terpretation. Certain things are known about the focus
changes of the lens, the action of the iris, and the var¬
ious structural parts of the eye, but the actual happen¬
ings that bring about the changes from light to nerve re¬
actions are purely supposition.
One physicist maintained that the eye was like a cam¬
era and that the retina was a photographic plate that could
be developed, if the chemical actions could be stopped. He

(3) Committee on Colorimetry, ojd. cit., pp. 117-118

19

ILLUSTRATION II
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Red and yellow make orange. These
m^cw,ou954

, and orange—■
mix
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:*yellow-green, bluegreen, blue-violet, red-violet, redorange and yellow-orange.
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lived at a time when the guillotine was particularly active
in France. The physicist obtained an eye from a freshly
executed man and did manage to treat chemically the retina
*

and produce a picture showing the lower part if the guil¬
lotine.
A common theory is that the retina contains a series
of rods and cones. The rods are presumed to record mono¬
chrome intensities, while the cones are the color record¬
ers.

In this connection, chemical compounds are produced by

the body that are light sensitive. The seeing process then
becomes a photo-chemical reaction. Some researchers believe
that one set of cones is sensitive to the 600 mu.-area (X),
another to the 550 mu. area (Y), and a third set to the
450 nu area (Z). This is called the tristimulus theory and
it appears to work in practice, but microscopic examinations
by physiologists do not reveal any differences in the appearance or chemical nature in the cones.

5

The tristimulus theory is graphed on page 21. This shows
the relative sensitivity of the three presumed types of
cones. Oddly the value for the green (Y) is the lowest of
the three colors, yet it is this area of the spectrum that
we constantly refer to as the one with the greatest inten¬
sity.

(4) Lecture by George Ingle, Monsanto Chemical Co., Mar. 8, 195V
(5) Committee on Colorimetry, o£. cit. p. 243
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ILLUSTRATION III

Tristimulus Value

Z

Wavelength (mu)

Visual Acuity— The ability to discriminate between
fine details of a test pattern is visual acuity.

"Under

certain conditions, the human eye can see a match flame
two hundred miles away."

6

"Careful tests have shown that

the human eye can perceive a thin wire whose diameter is

7
equal to 1/500,000 of the total field of vision."^
Measurement of Visual Acuity-- There are several meth¬
ods of measuring acuity of vision. Block letter charts are
commonly used, but the drawback is that under certain con¬
ditions people memorize the charts, others make lucky
guesses, and others who have not learned to read have dif¬
ficulty in naming the letters.
Jensen Grids are a series of circular patches, with
lines running at a different angle in each circle. The dis¬
tance at which a person can identify the direction of the
lines in the circles is expressed as a ratio to the normal.
The Snellen alphabet and the American Optical Letters
used in acuity measurements are designed so that the width
of the stroke is the same as the width of the space be¬
tween parallel parts of the letter E. The tests in this
study will use this principle, with one exception.
The expression of 20/20 vision is a designation in
the American Armed Forces as one for normal vision. The
(6) Ruch, Floyd L., Psychology and Life ,
(7)

Ibid.

(8) Ibid.

p. 247

p. 240

3
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designation means that a person can see at twenty feet what
a normal person sees at that distance. The branches of the
Armed Forces do not have the same designation for eyes
better and poorer than normal, consequently any other des¬
ignation would have to specify the scale used.
The term "normal” is not a good description, as in¬
dividuals do not fall into this classification. A better
term would be "average" or "mean" eye.

8

Three principal factors determine visual acuity:
1. The optical perfection of the lens of the eye
2. The finite wavelength of light
3. The mosaic structure of the retina
The first two of these items can theoretically be extremely
high, but the last one has definite measurements.
However perfect the image formed by the optical
system of the eye, the mosaic structure of the ret¬
ina may impose a limit on the fineness of detail
which can be perceived. Even in the center of the
fovea the separation, center to center is of the
order of two microns. The focal length of the eye,
which is the distance from the second nodal point
of the optical system is very nearly 17 mm. The
angular separation of cones with a two micron spac¬
ing as viewed from the nodal point is thus _2_
17,000
radians or
minute of arc. Therefore at the near
maximum visual performance the limit of visual
acuity is probably influenced both by the quality of
image formed by the optical system of the eye and
the finite sizes of the foveal cones. '

0,k

The natural tangent for an angle of O.k minute is .000116.
Theoretically the possibility is then that a person can
see individual lines . o25 " apart with a stroke of .02?"
(9) Interview with Dr. Richard E. Post, Amherst, Mass.
(10) Committee on Colorimetry, op. pit. pp. 81-83

2k

at a distance of 20 feet. Since tests of vision use a
much larger dimension than this it is obvious that there
are other factors that reduce visual acuity.
Size of Letters— The sizes of letters used in various
situations have been studied, but the writer has found no
specific dimensions of letter size and form for the chalk¬
board. The motion picture industry has established minimums for style in the lettering oi titles. Tnese minimums
are not standard for the industry, but have been establish¬
ed by the individual producer for his own use.
In the making of'slides the Eastman Kodak Company
r ecommends
"When the size of the original is 6 X 9 inches,
main titles of two or three words look well in
letters about an inch high. For longer titles or
text, small letters should be used. To insure good
legibility letters should not be smaller than 3/3
of\n inch and there should be no more than eight
lines to a slide---For good visibility colored
lines should not be less than 1/16 inch wide. Black
lines can be thinner.
On this basis a k2 inch high chalkboard would have main
title letters seven inches high and text letters 2 5/3
inches as a minimum with a ,kk inch stroke, if colored.
The Eastman figures closely follow the dimensions given
aut by the Missouri Vocational Agriculture Service. As¬
suming the average classroom to measure 30 to 35 feet from
/

the rear wall to the chalkboard, the Missouri recommen¬
dation for slide production is 2\ inch letters at a 30-35
(11) Eastman Kodak Co..Kodak Data Book on Slides, p. 16

25
foot distance to the camera.

12

Literature for sign painters has always stressed the
readability of open letters of the Gothic style, and lim¬
ited the use of scripts as less readable.

In the experiment

to follow Gothic style ”Kabel” bold, will be used as ad¬
vertising agencies have established this style as easy to
read in signs and newspaper advertising.
Eye Fatigue-- One form of eye fatigue may stem from
the exhaustion of the chemical substance in the eye re¬
sponsible for vision:
"When radiant energy falls upon the visual
receptors, the rods and cones, that are com¬
ponent parts of the retina, a reaction, prob¬
ably photo-chemical, occurs which gives rise
to nerve impulses. These are propagated from
the rods and cones through the nerve fibers
and synapses connecting these elements with
the fibers of the optic nerve.M13
These chemical reactions occur with a frequency that de¬
pends upon the threshold of the receptor and the strength
of the light stimulus.

"However, a stronger light does not

cause the ’explosions’ to become bigger-just to come in
more rapid succession.”11'1' The exhaustion of the chemical
supply does temporarily cause the eye to be color blind.
A‘ common example of this is ’’snow blindness”. Since the
color which excites this reaction to the greatest extent is
(12) Duck, Joe, Missouri Vo-Ag. Service Letter,pp. 6-8
(13) Committee on Colorimetry, or. cit. p. 60
(14) Ruch, ojo. cit.

p. 2^2
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the one having a wavelength of 546.1 mu (yellow-green)

it

does not follow logically that this color is one in which
'Ieye ease” is correctly advertised.
A second type of eye fatigue is muscular exhaustion.
Prolonged tasks which cause the continuous readjustment of
the eye lens may tire the muscles. Harmon’s reason for
selecting the yellow-green board was because the static eye
rests at the yellow-green focus. Writing on the board with
chalk of another color, or looking away from the board uc
any object not the same color and distance as the board
causes a muscular change that focusses the eye lens. Inasmuch
as chartreuse boards would not have the lignt reflectance
value of 20$-24$, the yellow-green has given way in actual
practice to boards of lower reflectance and bluer than sug¬
gested by Harmon. This being the case there is little rea¬
son to accept the theory that muscular tension would be re¬
leased.
“Most children are slightly far sighted or posess
normal vision. Any myopic tendency is progressive,
and is not aggravated by seeing tasks. This suggests
that the green board is a corrective for adult visual
problems, not children’s.'1
“One test in England showed that when words were
written on a yellow-cream board in dark blue ink,
children and adults could read from it more than.
10$ faster than they could from the blackboard with
white chalk.” 16
At the time the recent book was approved for publication
by the Committee on Colorimetry of the American Optical

(15) Mullen, o£. cit.

p. 46

(16) East, Marjorie, Display for Learning, p. 204
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Society, the committee felt that dark letters on a light
background was the best combination, but before the book
was off the press, the following statement was made:
!,We have found that some of the original think¬
ing W8.s wrong, namely, that it would be better to
have a positive, using dark chalks on a light back¬
ground. A positive is easy to read on the printed
page, but on a chalkboard, where the area.of^back¬
ground is so much greater. Such a system is.both
hard on the eyes and hard to read after having
viewed it for some time." ^-7

(17) Pittsburgh Plate Glass Co.

ojd.

cit.
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The specific designation of color has been a problem
for many years. The buyer in California could not define
a color by telephone to the printer in New York. He found
that he had to send a sample of the color by mail, and
until the advent of air mail this was a time consuming

and

delaying factor. Weeks of time were lost in sending spec¬
imens back and forth across the nation for approval and
changes. Color terms are not often interpreted the same.
The writer at one time supplied box tops to the Eaton Paper
Corporation, printed in a hue of yellowish-green as the
instructions called for Mdeep primrose*'. The art depart¬
ment had recently undergone a reorganization and was staffed
by five recent graduates from an art school. Among the
printed sheets for color identification, owned by the new
artists, was a sheet labeled "primrose", which was a violet
color. Since this was a description to fit certain floral
colors, it was correct as there is a variety of the prim¬
rose flower that is violet as well as yellow. The printing
room and the older employees understood primrose to be a
yellowish-green, but dominantly yellow.
Colors such as "orchid",

"mauve", «nd "taupe" have

meanings to persons connected with specific products which
they merchandise, but there is no carry-over to other pro¬
ducts of other manufacturers. The rug industry finds it
difficult to describe its product. Expensive color photog-
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raphy has been tried and abandoned, because the true col¬
or and softness of the rugs are lacking in the color prints
It is necessary to ship the rug to the buyer for inspection
an expensive process, yet there is nothing tnat will take
the place o£ the inspection.
Color Systems— Dictionaries of color and color terms
have been published with varying amounts of success, but
have not generally been accepted by industry.
The Ridgway Color Dictionary-- This was originally
printed in 1886 by Robert Ridgway, tnen Curator of the
Department of Birds of the Jh.it ed States Museum, and was
reprinted in 1912 in an illustrated version.

It contains

1113 painted samples of color with verbal descriptions.
There is no spectrophotometric color analysis of the sys¬
tem, ^
The Maerz and Paul Dictionary of Color— This is based
on a thorough survey of all available information concern¬
ing color names. Over 7000 color standards were established
with about U-000 of them keyed to names.

"The colors were

made by mixing two pigments from the saturation of one to
the saturation of the other, in pairs around the spectrum”.
Industry Standards -- The textile industry has estab¬
lished a card of samples which is generally used for tex¬
tiles only. Similar card systems have been developed in the

(1) Committee on Colorimetry, op.
(2)

Ibid.

cit.

p. 337
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horticulture, pharmaceutical and other fields.
More scientific methods of measuring color have been
established. There are two broad divisions in the study of
color: the study of direct light and the study of reflect¬
ed light from opaque objects. The two are sometimes con¬
fusing to inexperienced people as the product of mixing
the two forms bring very different results. For example,
if a.green lantern slide is projected on a white screen,
and a second slide colored red is projected from a second
projector to the same area of the screen the resulting
color is yellow. On the other hand if the pigment green
is mixed with the pigment of red as "'in paints, the result
is far from yellow, probably a brownish black.
By the use of gelatin dyed to exacting colors it is
possible to pass white light through these gelatin sheets
and subtract from the white light any amount of the.wave¬
lengths desired. This principle of ’’subtractive” color is
used in color photography in the common "Kodachrome” process.
The film is composed of three layers of light sensitive sil¬
ver, each shielded from the light corning through the camera •
lens by a.filtering layer, allowing the three primary col¬
ors of the film to record on separate layers.
Although the principle is different in school lighting
the effect can be somewhat the same. In the use of mercury
vapor lights, such as the Cooper-Hewett tube, the lamp emits
energy from the ultra violet end of the spectrum and none
from the red end. Such a lamp is said to be minus red. Any
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red object appears black. A person standing in the light of
this type of illumination appears with black or very dark
purple lips, dark finger nails, black ffeckles, and a gen¬
erally darkened skin in which blemishes are exceptionally
prominent. The modern fluorescent lamp is a mercury vapor
lamp that is coated with salts to convert some of the ultra
violet light to visible light. The type of coating and the
processing will produce lamps of different spectral value.
The common fluorescent daylight lamp is to some extent
minus red. Super markets find that meats look dried out
and unappetizing under this type of light. A special pink
fluorescent lamp is made to enhance the red of meats.
Color Temperature — Fluorescent lamps are not alone
responsible for color variations. The common mazda lamp is
actually a yellow light source, but it changes in color as
the size or wattage is increased. The higher wattage lamps
produce a light that is less yellow and more blue. The
temperature of the illuminating source is measured in de¬
grees Kelvin (K°). There are so many discrepancies in the
theory of color temperature that it is a psycho-physical
concept rather than a true physical scientific measurement.
If the source of illumination is a complete radiator of
chromacity then the Kelvin scale is a true measurement, but
that is seldom the case.(Illustration IV, page 33) Sunlight
for example corresponds somewhat to a color temperature of
5V00°K, but the spectral distribution of sunlight does not
closely resemble the energy from a complete radiator. Color
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ILLUSTRATION IV
Color Temperature Chart of Light Sources
DECREES KELVIN
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temperature actually has no meahing with reference to se-
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lective radiators as " sky light" or fluorescent lamps.
Thus it is obvious that the source of illumination does
to a great extent control color identification.
Measurement of Color— Actual measurements have been
made by photographic means for a number of years. The
Eastman Kodak Company produces spectroscopic plates and
Wratten filters for this use.

Inasmuch as colored objects

have more than one wave length, the dominant wave length is
the one referred to. Many spectrophotometers are manufac¬
tured and are used in research laboratories and in high
school physics classes, as well as in commercial organ¬
izations who work with color.
When color specification became a problem of great
proportions in the late 1920*s, the International Print¬
ing Ink Corporation was one of the interested parties who
started to do something about it. To standardize on colors
for the printing industry, they composed what was called
the "Match Box". This was a metal kit containing a pound
tube of each of eight colors of ink, designated by letter.
There was a cap that screwed on each tube that had a small
hole in it. A glass plate lined into one hundred parts was
supplied and a master color chart. To mix one quarter pound
of ink that would match any of the colors on the master
sheets, a person simply squeezed out the formula printed
(3) Committee on Colorimetry, op. pit.,

P. 194
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under each color patch:

so many line parts on ink 3,

so

many line cap parts of ink 3 and a few line parts of ink H.
This was good for anyone who was a purchaser of the "Match
Box". California and New York were talking about the same
color, and the International Printing Ink Corporation was
warge enough to be at hand everywhere. As good as the
scheme was it-did not satisfy all the requirements for col¬
or, and research continued. The Interchemical Corporation,
the parent company of the International Printing Ink Corp¬
oration, has on its staff a professor Hardy. Professor
Hardy invented a device for recording toe wave length of
^

Lj.

light, which is known as the Recording Spectrophotometer.
This instrument is manufactured by the General Electric
Company and sells for approximately ten thousand dollars.
This machine has done much in standardizing the designation
of color. The process of evaluating color is more rapid
than by photographic methods, and it is particulary of
value in specifying colors of translucent and transparent
bodies, as in the case of tinted glass and plastics.
Color Systems -—Systematic color charts have been dev¬
eloped by several persons. The better known of these are
the Munsell, Otswald, A.S.A., and the American Colorist.
All of these systems divide the spectrum into a number of
basic colors. Then each pure undiluted color is mixed with
five or more quantities of a middle shade of gray so that
the color is graded by steps from the pure color to the
(1+) Personal Letter,

Interchemical Corp., Appendix # b

36
gray tone. This horizontal gradation is extended upward by
the addition of white in steps so that in five steps the
gray becomes white and the intermediate colors become tints.
The same is done at the bottom of the gradation with black,
which now completes the gray scale with white at the top
and black at the bottom, grading through light and dark
grays. The full color diluted with the darker half of the
grays forms shades of the color. The lighter grays mixed
with the

pure color forms tints of the color. 3y this sys¬

tem it is possible to specify a color by its location on
the chart. Various systems have different methods of in¬
dicating the location. The Recording Spectrophotometer des¬
ignation of 44-44-6 is the same as the Huns ell 4 G 4.4/6,
the A.S.A.

519-14-17 or the American Colorist "Green Deep

Shade". Oddly the inventor of the Recording Spectrophotom¬
eter found that the machine followed almost exactly the
Munsell system. To most educators the ten thousand dollar
machine is out of reach, and the Munsell charts are found
only in the larger school systems. For this reason, in this
study the American Colorist is the basis for color desig¬
nation. This booklet is available in stores selling art
materials, and retails for about one dollar.

In addition,

the Munsell designation will be listed as the system is
better known, and may be available to some people.
Intensity of Visual Color— The human eye sees the vis¬
ible spectrum in a way quite unexpected. One might assume
that all colors are seen equally well. This is not the cass.
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In the graph (Illustration V, page 38) visibility is near
zero at the 4000 and 7000 mark. The 4000 end is that of
violet and the 7000 end is that of red. Below the violet
is invisible ultra violet and above the red is invisible
infra red. The curve humps to a peak at the greenishyellow area or about 5500 angstrom units. This peak is
near the color referred to for chalkboard use. Recent stud¬
ies have extended the range of visibility from 38OO A to

78OO A.

cr

The peak value has been established at 5461. This

means that the human eye can see both ends of the spectrum
poorly and can see exceptionally well the yellow-green
portion. Since this graph is plotted brightness on wave
length, the brightest color is chartreuse. Since chalk¬
boards have been advocated in this color, it would follow
that maximum color contrast would be obtained by a color
of low luminance, not yellow, but black, red or violet.
In Illustration VI ( page 39 ) the low intensity curve
shows that both ends of the spectrum have vanished into
blackness, and that the peak has moved toward the lower
wave lengths. This is a graphic picture of the Perkinje
phenomenon.^
Color Contrasts-- One of the two ways to increase con¬
trast is to select a background of a color and place upon it
(5) Newman, D. , and Roche,
tf* > l,3asic Color TV'* RadioElectronics (Jan. 195a) pp. 53-60
(6) Eastman Kodak Co., Photography of Colored Ob.iects,pp.17-19

WAVELENGTH-ANGSTROM UNITS

ILLUSTRATION V

/
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ILLUSTRATION VI
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the complement or opposite of the color. The complement of
yellow is violet, of orange is blue, and of green is red.
Additional contrast can be established by using the comple¬
ment in a tint upon a shade of the background.
It should be noted that in the mixing of pigments the
three primary colors are red, yellow and blue. There is some
latitude in the selection of these colors, but to be able
to mix the three in combination as in process printing, the
selections must balance. For example if magenta is selected
as the red, then the blue would have to be in the blue-green

7

or cyan area.'

If the red is in the red-orange, the blue

must be toward the blue-violet.
Light Balance-- Primary colors in light are commonly
red (700 mu), green (550 mu) and blue (450 mu). Since these
in combination form white light, the balance again can be
shifted as in the mixing of pigments.
Dimensions of Colors—Color is spoken of as having sev¬
eral dimensions. Three of the common dimensions used by
artists are:^
'’Hue” means the quality of color which first strikes
the eye and which we recognize as either red, yellow,
blue, red-orange, green, purple, etc.
’’Value” is the quality by which we distinguish a light
color from a dark one. Absolute black represents the
bottom and absolute white represents the uppermost
level.
(7) Mees, C. E. K., Photography,
(8) Bogorad, Alan D.,

pp. 167-169

It * s Fun to Draw,

p. 121

"Chroma11 is the third element by which we distinguish
a strong color from a weak one.
Color Legibility— A study made to determine the color
combinations legible at a distance for advertising purposes
listed the following color combinations with the most leg¬
ible first, and then on in decending order for the sixty
, 9
combinations used.

1. Black on yellow

15.
16
17.
18.
19.
20
21
22

'23
24
Black on orange
Yellow-orange on navy blue 25
26
Bottle green on white
Scarlet-red on white
27
28
Black on white
Navy blue on white
29
30
White on navy blue
Yellow-orange on black
31
32
White on black
White on bottle green
33
34
White on scarlet-red
White on purple
35
36
Purple on white
Navy blue on yellow
37
38
Navy blue on orange
Yellow on black
39
40
Scarlet-red on yellow
41
Yellow on *navy blue
42
Purple on yellow
Purple on orange
43
44
White on emerald green

45.
46.
47.
48.
49.
50.
51.
52.

Emerald green on purple
Black on scarlet-red
Emerald green on purple
Orange on scarlet-red
Scarlet-red on navy blue
White on orange
Navy blue on Scarlet
Orange on emerald green

.

2

3.
4.
5.
6.
7.

.

8

.
10.
11.
9

.

12

13.

.

14

.

.
..

53.
54.
55*
56.
57.
58.
59.
60.

Bottle green on yellow
Scarlet-red on orange
Emerald green on white
Yellow on purple
Orange on purple
Bottle green on orange
Emerald green on yellow
Orange on yellow
Orange on white
Emerald green on navy
Emerald green on black
Yellow on bottle green
Purple on emerald green
Navy on emerald green
Scarlet on emerald green
Emerald green on orange
Bottle green on emerald
Yellow on scarlet-red
Orange on bottle green
Emerald on bottle green
Yellow on white
Purple on scarlet-red
o

Scarlet-red on black
Navy on bottle green
Yellow on emerald green
Bottle green on scarlet
Scarlet on bottle green
Navy blue on purple
Scarlet-red on purple
White on yellow

"In order to obtain the very best information on this
subject, many experiments were conducted, both in nat¬
ural and artificial light, to determine the most leg¬
ible color combinations at a distance."
(9) Bustanoby, I. H., Principles of Color and Color Nixing,p.98
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It is interesting to find that the color combinations
now used on chalkboards are not at the top of the list.
White on black is in tenth place, while yellow on emerald
green is fifty-fifth.

CHAPTER IV
PREPARATION AND EXPERIMENT

CHAPTER IV
PREPARATION AND EXPERIMENT
Backgrounds-- The selection of backgrounds was one
that required some hunting as to the availability of a
suitable commercially prepared flat paint. Poster suock
could have been used, but the selection and quality was
not available in Western Massachusetts. After several vis¬
its to paint counters and paint stores, the writer decid¬
ed to use ”Kyanize Clingcote Deep Colors” as the number

555

Forest Green is in the area of the color used on com¬

mercial chalkboards. It is slightly more green than the
”Armorply” board, and less green than the plastic boards.
It is within the green used as chalkboard paints. The man¬
ufacturer also produces a blue paint in the dark gray-blue
area, called "No.

556-Lapis Blue” and a dark gray-red "No.

553-Burgundy”. The fourth color was a flat black poster
stock that is available in the stores. Although the black
is of lower reflectance (6%) than recommended by some writ¬

ers, it could still be used with proper lighting, and with
the increased reflectance of ”chalked-in” boards. The reas¬
on for using the blue and the red boards is because these
i

colors appear to be the darkest colors in eye sensitivity,
hence with the proper tint of color in a pattern would give
more contrast than green.
Patterns— The design of the patterns to be placed on
the background followed the plan of the Snellen test. The
width of the stroke is one-fifth the height of the letter.
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Since the width of the stroke suggested by the Eastman

1
Kodak Company, in the booklet in slide making, is narrower
than the Snellen letters, it was decided

to mix in a pat¬

tern with a narrower stroke. This was chosen as a square.
The reason for the square is because advertising men have
long known that the circle was the best fteye catcherM. A
thin circle would have the advantage psychologically.

If a

thin square could compete with the Snellen circle, then it
ffiip-ht indicate that thinner lines would be preferable.
Color of Patterns— Since the latest studies indicate
a negative combination—light on dark—as the preierence,
the author used tints of red, orange, blue, green and yel¬
low.

In addition white and black were added to find the

contrast effect on the subjects. The colors of the patterns
are as follows:

Name

Sample

American Colorist

Mansell

White

White

White

Orange

0-Light Tint

10 R 7/8

Yellow

Y-Full Color

5 Y 8/10

Chrome

C-Full Shade

-10 YR 7/8

Turquoise

T-Soft Tint

10 B 7/6

Green

G-Full Shade

10 GY 7/8

Black

Black

Black

Sizes and Shapes of Patterns— One of the objects of
this study is to establish an optimum size for a chalkboard
(1) Eastman Kodak Co., op. cit., p. 16
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ILLUSTRATION VII
Background Colors Used in Test

Munsell 10 HP 3/6
Am, Col. M Med. Shade

Munsell 10 GY 4/4
Am. Col. G Deep Dull Tone

Munsell 5 PB 3/4
Am. Col, V Deep Weak Tone

Black

^7
pattern. The mathematical size and the size preferred by
experiment may not coincide, therefore the patterns were
made in five sizess i inch, 1 inch, li inch, 2 inch and 2^
inch. The arbitrary distance of thirty feet for observation
was arrived at by estimating the average distance from the
rear to the front of many classrooms to be this distance.
At thirty feet a person with "normal11 vision would not be
able to read the half inch patterns, however there may be
observers who can read all of them, and some observers who
can read some of them. It is hoped that by this process, of
some being able to partially read the smaller line, that an
indication might show of color visibility combinations. The
shapes of the letters were, E, A, H, and 0, and the square,
triangle and the inverted V. The A and inverted V and tri¬
angle were used in combination to establish definite acuity.
The H is sometimes interpreted as N in some cases of astig¬
matism, so was included to determine minimum size of letter.
Some of the letter E were mounted backward, and each line
contained all of the colors, with the small letters having
two or more of the'patterns in the same color, in an attempt
to separate color distinction from acuity.
Patterns larger than those just readable were included
to give the observers a choice of sizes which each had an
opportunity to express an opinion as to the best readable
size for the observer. A large black E was included to give
the observers an opportunity at reading a positive combin¬
ation. The positive combination could establish which of the

ILLUSTRATION VIII

1 EEE

I EE

2 AA AAA
3 OAAA□
4 hadeaea

2AAAAA

K

3 A AOA □
4 3DHAAHA
5

ODAOADAOAA

-

E

nOAOAADAO

A

Blue Background

Green Background
i

IE EE
2 AAAAA
3 O A OAA

4

E □ HAA H A
A □ O A

A

□ A

O A A

2AAAAA
3 A□AO A
4 AHAHDA3
AOAADOADAO

Black Background
Red Background
Strip on left is "Armorply Chalkboard'*.
Photographs of Cards Used
o-

ILLUSTRATION IX
PATTERN 'COLORS AND PATTERN SIZES
USED IN TESTS

Munsell 5 Y 8/10
I

Y-Full Color (Am. Col.)

YR 7/8 (Munsell)
Full Shade (Am. Col.)

-10 R 7/8 (Munsell)
0 Light Tint (Am. Col.)

r\

JT

/

. . 10 B 7/6 (Munsell)

V

>;T-Soft Tint (Am. Col.)

Full Shade (Am. Col.)
-Also White and Black
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colors of background appears with the greatest brightness*
Observers-- The subjects for this study were taken at
random from college students, adults and from tie puolic
schools. No attempt was made to screen those with visual
deficiencies. If an observer was unable to read the bottom
line, he was asked to read the one above, and a notation was
made on the individual's sheet.
Illumination— It must be realized that illumination
in a classroom will change from day to day, irom summer to
winter, from morning to night, and from minute to minute.
Since there is no practical way of measuring quality and
quantity of light continuously in the classroom, and if there
was it could be of value only in rooms completely illumina¬
ted by artificial means, this study will only suggest the
type of illumination and the meter-candle measurement of it.
Some samples were taken with tungsten lights supplemented
with natural daylight, and some by fluorescent illumination*
If the difference in color temperature, or the Bezold-Brucke
phenomenon is effective, the results may show these changes,
however, the lack of standard observers, and tne substitution
of different age groups under different illumination, may
throw the observations askew.
Question Sheet-- The honesty of the subjects, and their
desire to see more than they actually do, necessitates a
series of questions that will eliminate guesses as much as
possible. To establish this, the same question has been
asked in several ways, in essence, three times.

(Appendix #5)
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By the time the observer has to copy line 5> ne has e^aD"
lis’ned in his own mind, which of the color card combina¬
tions he can read best.

If there are many discrepancies

between questions 1, 3 and 7> the niost accurate result will
probably be in the answer to question 7.
Tabulating the Results— After the observers had com¬
pleted the questions, the results were tabulated, and if
any interpretation can be made from them, the results will
be analyzed in a following chapter.

V

Method of Lettering— The letters and patterns were
cut from papers of various colors.. One letter was care¬
fully drawn according to the proportions wanted, and ouplicate letters were outlined from the original template.
In cutting out the letters, the pencil lines were cut off,
but no additional paper was removed. The cut out letters
were then glued in position in five lines. Ihe lines were
numbered starting at the top with the largest letters, and
the smallest at the bottom as line

5*(Illustration

xil)

The reason for cutting the letters from paper rather
than painting them on the card was: 1. To make all letters
uniform in size, 2. To eliminate streaks or brush marks
that may result from painting, 3« 1° give each letter the
same uniform sharp edge on the stroke, not possiole witn
painting,

b.

Cutting from paper guaranteed uniform color

for all letters of the same color, which sometimes changes
when paints are thinned for working.

CHAPTER V
03SERVER REACTIONS
The first group of observers was eighty adults, almost entirely college students. Fifty-eight were females and
twenty-two were males. The illumination on the cards was a
mixture of reflected north daylight in the intensity a/u
age of thirty-five meter candles, and a sixty watt mazda
lamp in a reflector type desk stand placed about seven feet
from the cards. An additional thirty meter candles of light
were added from this source. The observers viewed the cards
at a distance of thirty feet.
The illumination on the cards was not as hign as that
recommended in Harmon’s plan, but since tne quantity of
illumination suggested is seldom reached, the lower quantity
of light may be nearer actual classroom conditions.
To question one, which read;

”0n which of the cards do

you feel the letters are easiest to read?1’, the following
table shows the answers.
TABLE II
Background Easiest to Read-Tungsten
Black

Total

Blue

Green

Red

Female

5

7

^

h-2

58

Male

1

*+

4

13

22

The significance of black with the dominant position
in the table indicates a seven to one choice over the near¬
est second choice for the females and a better than three to

one choice for the males, under these conditions.
Question two asks:

"In line four, do you find the square

easier to see than the other patterns?". The square on each
of the cards was white. An H on the same line was also white.
The width of the stroke of the squares is narrower than the
strokes of the other letters. The width is about one-sixth
the height of the letter as compared with the one-fifth of
the letter height of all others. The tabulation is this:
TABLE III
Preference of Square-Tungsten
Yes

No

Females

33

20

Males

13

9

Although the square was selected

the greater number of

times, it did show competition from other patterns. The fe¬
male choice is more selective, for the thinner lines, than
the male. During the process of questioning, and it was ap¬
parent that the choice for the square was heaviest, the writ¬
er asked many who answered "No" to this question, what choice
they had made. The circle was the selection every time, al¬
though no tally was kept.
Part three of the question sheet confused some observers
"In line five which pattern stands out the best? Card color?
Pattern?"

Most observers understood the question, but a few
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marked the sheet in such a way that the results could not
be used. The correctly answered are:

TABLE IV
Clearest Pattern Background-Tungsten
Blue

Green

Bed

The question asked for two answers:

Blaek

oacaground and

pattern, consequently both tables are used jointly.

Clearest Pattern Shape-Tungsten
Sauare

Triangle

Circle

Female

37

1

9

Mai e

lb

1

1

The square pattern on black scores highest in these
combinations. As there were two squares on the black card,
one white and one yellow, the indication might be a choice
of pattern or of color. There were two circles also on the
black card, one yellow and tne cm., ie^ pimc.
The author placed greatest weight on question four,
which is actually a way of pin pointing question one.

Ic

was intended that the first question would be a general
impression, while the fourth one required specific reading.
Tabulating this area we have:
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TABLE 71
Color on which Fine Patterns are Best Read
Tungsten
Blue

Green

Red

Black

A comparison of Table II with the above Table-7T shows
that in actual reading, the black background has added two
female and five male choices, and that the choice of the
black background is near 80% preference by the total group*
The reverse of question four is number 5s

"On wnat

card is line five the hardest to read?'1. Table 711

shows

how the answers chart.

TABLE VII
Background Color Most Difficult to Read
Tungsten
Blue

Green

Red

Black

Female

17

28

12

0

Male

10

6

5

0

The individual eye shows up in this table to a greater
extent than in any of the other tables, however the switch
from green in the female to blue in the male is not as
decisive as it might appear, as the green and blue are ad¬
jacent colors, and the difference between these two colors
is less than it is between any other combination of the
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cards. Discussion with some of these men at the time of the
experiment revealed that some had no choice between the
blue and green backgrounts, so marked the first one (blue).
This may account for the difference to some extent.
Although fine lettering can be read with some close
attention, there must be a size of letter that can oe com¬
fortably read for a given distance. The next questions
’■Which size letter would you prefer if you should read signs
at this distance regularly?” was intended to indicate the
preference at thirty feet. The line number was to be cir¬
cled for the choice. These are the selections.

TABLE VIII
Preference of Letter Size at 30 Feet
Tung s t en
2”
Female

li”

1”

-g”

Larger

13

24

12

2

2

h

6

11

4

1

0

0

Male

The greatest number for both sexes accept the two inch
letter as the optimum, but the female group has a'greater
spread. Some of the females fould the largest letters dif¬
ficult to read, but none of the males had that difficulty.
Two of the girls desired reading at a size smaller than
normal vision.
The final item on the question sheet called for copy¬
ing the patterns in line five on the color card selected
in question four as the easiest to read. Some observers
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said that they could not see line five on the color card
selected in question four. Some observers said they could
not see line five well enough to copy the patterns. They
were asked to copy line four5 and to noue the change.
Difficulty in distinguishing between similar shapes
has prompted the writer to tabulate the errors.

TABLE IX
Number of Errors in Reading Line Five
Tungsten

A check on the greatest number of errors in the above
table shows that the letter A is the pattern misread con¬
sistently. Since the letter A appears in white, pink and
yellow, the indication is that the shape, not the color is
responsible for this failure. Both male and female errors
are consistent on all backgrounds used.
A few observers could not read the finest line of pat¬
terns,

so chose to read line four, above. The errors in

reading this line are shown in Table X.
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TABLE X
Number of Errors in Reading Line Four
Tungsten
Pattern

1

2

Female
Black
Blue
Male
Black

--

1

3

*+

5

6

7

1

5

-

1

-

1

1

-

1

-

1

1

-

1

Pattern number four on the black background was a pink
letter H.

In these errors the letter was called N, although

pattern number two in the same line was a white H. Since
these people knew they had poor eyesight, and wore glasses,
the only interpretation of this table can be that these
observers should sit near to the board, or view only large
t!

patterns.
Observations by Fluorescent Illumination— The second
group of observers was composed of thirty-nine junior high
school students, and four teachers. The group contained
twenty-four felale and nineteen male observers. The tests
were made during a threatening thunderstorm, and natural
light was nearly all excluded by drawn shades. At a distance
of six feet the meter candle reading for daylight alone was
seven, but since the test patterns were used on a wall
thirty-two feet from the windows, practically no daylight
fell upon the cards. The room illuijdnation was supplied by
two rows of four fixtures in each row. The fixtures each
held two bO watt tubes of the daylight fluorescent type, or
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a total of 640 watts. As the rows of lights were parallel
with the length of the room, the observations were made on
a wall lighted only by the ends of the tubes. The candle

38. The room appeared dark

meter reading at the cards was

to the writer, but since the observers had been in the
room for over two hours, their eyes were adapted to that
volume of illumination. The observations were made at ap¬
proximately thirty feet, same as the adult group under
tungsten conditions.
The results obtained relative to the general back¬
ground readability follows.

TA3LE XI
Background Easiest to Read
Fluorescent
Blue

Green

Red

Black

Total

Female

1

4

5

14

24

Male

0

5

4

10

19

The corresponding results in Table II indicated a
larger preference for black than in this test. The increas¬
ed proportion of red preference may be due in part to the
Bezold-Brucke effect, which shifts red to a higher fre¬
quency under a higher color temperature.

At this high fre¬

quency the color would have a lower retinal illuminance,
and contrast would appear greater.
Preference for patterns with the width of the stroke
less than one fifth the heighth of the pattern is thus;

i
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TABLE XII
Preference of Square
Fluorescent
No

Yes
Females

17

6

Males

14

5

The choice for the square is nearly three to one in
this group. The tungsten group was scarcely tv/o to one,
however the writer noticed that there were no persons wear¬
ing glasses in this group, and the general indications are
that the observers were in better optical condition than
the older group.
The answers to the question relative to the background
combination giving the clearest results are as follow:

TABLE XIII
Clearest Pattern Background
Fluorescent
Blue

Breen

Red

Black

Female

2

2

2

±5

Male

0

1

k

12

Since Table XIII and Table XIV are interpreted togeth¬
er, the pattern shape easiest to distinguish was chosen thus:
TABLE XIV
Clearest Pattern Shape
Fluorescent

j
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As the results of this tabulation agree with the find¬
ings in Tables IV and V, the second group also found that
the white square on the black background gave them the best
readability*
To read the line of half inch letters, Table XV lists
the choices.
TABLE XV
Color on which Fine Patterns are Best Read
Fluorescent
Breen

0

1

1

3

Red

Black
oo
1—1

Female
Mai e

Blue

10

5

The increase of red preference over that of the tung¬
sten group is consistent in both the male and female choices.
If the increase in preference was centered in the male group¬
ing it might be partly because red-green blindness is a male
trait. This is not apparent in these figures.
Table XVI is very interesting. The observers made some
comments as the data was collected that may explain some of
the reactions.
TABLE XVI
Background Color Most Difficult to Read
Fluorescent
Blue

Breen

Red

Black

Female

9

9

V

1

Mai e

9

5

1

1
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The two who found the black most difficult to read
stated that the contrast was too great, or "dazzling*1 with
the array of colors upon the black. This is somewhat

the

statement made by one of the girls who checked the red
as difficult to read. The main interest, however is that
the blue and green backgrounds are not satisfactory.
The letter size preference in this group is expressed
in Table XVII as:
TABLE XVII
Preference of Letter Size at 30 Feet
Fluorescent

Oil!
£-2

2"

ii"

i"

£"

Female

2

5

11

>+

0

0

Male

1

5

7

5

1

0

Larger

As expressed previously, the group appeared to be bet¬
ter optically. This is further varified by the above chart.
The one and a half inch letter having the plurality of
choices in this, group compares with the two inch preference
of the tungsten group.
None of this group found it difficult to read, line
five, so there is no data relative to reading difficulties
for line four. All errors in reading are for line five and
since numbers 1, 4 and 9 on the black card are triangles
it appears that triangles are more frequently rnisinterpteted than other shapes.

TAliLE X7IIX
Number of Errors in Reading Line five
FInorescent

Female
Black

2

Breen

1

-

Blue

-

-

Iim

2

_

—

-

1

4

-

-

-

I

1

1

1

2

1

—

-

-

-

-

-

1

2

1

1

•"5
0

1

2

2

-

1

2

1

1

2

■ -

-

-

-

—

Red

1

1

1

2

2

Mai e
Black

1

1

-

2

1

Green

2

1

3

2

1

Blue

-

-

—

Red

1

2

1

1

4

1

One of the above girls who stated that she coaid .read
the red card the best failed to identify any of the pauterns
on the line. Either she failed to understand the question,
or had vision too poor to see line five on any card. The
failures in the male—green line are not caused by the same
type of distribution.

In this case the errors are scattered

on several sheets, and are definitely errors of identifica¬
tion.

CHAPTER VI
CONCLUSION
Any analysis of the results of this experiment must be
tempered by several facts. To overlook them and draw specii
ic conclusions which can be interpreted as recommendations
for changes in classrooms must be avoided, however,

tnere

are some indications that are worth considering.
It must be remembered that there are many uncontrol1 abl e var i abl es :
1. The number of observers was limited to a rel¬
atively small number and to only two conditions.
2. There was no attempt to screen the observers to
determine visual or color deficiencies.
3. No color temperature meter was used.
4. The quantity and quality of natural daylight
spilling into the rooms probably varied from minute to min¬
ute.
5.

It is possible to establish better colors near

the ends of the visible spectrum.
6. The green used on chalkboards is not one specific
color, but a different green for each manufacturer.
7. The patterns were not of chalk and possibly not
of a color similar to commercial chalks.
8. Existing recommendations by the experts have not
been determined by scientific methods, and are still in the
stage of being changed.
9. The color of the chalkboard and walls must be
considered in the light of interior decoration.
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The interest in this problem came from the writer’s
contacts with students who could not read the chalkboards,
neither the old slate, nor the new green surfaces. Sometimes
this was due to reflections, sometimes to faulty chalk,
sometimes to poor writing and many times to other improper
uses of the chalkboard. No attempt has been made to study
the mechanics of human failure in using the chalkboard.
Color, size of pattern and background have been the sole
interests.
Indications are that green is particularly a poor
color for good chalkboard readability: at least the color
of green used in these tests. That blue is no better than
green is not surprising, if it is Lapis blue. Lapis blue is
a gray-blue, not the dark ’’midnight blue” at the end of the
visible spectrum. Further tests could be made with darker
blues, but regardless of the color of the chalkboard, there
would always be the problem of ”color harmony” within the
room, unless a truly neutral color was used.
The observers generally indicated black as the choice
♦

best suited for the boards, and the experts admit that there
is nothing wrong with black when properly lighted. The mean¬
ing of ’’properly lighted” changes in a short period of time.
Not only does the idea of lighting change, but also the
amount and location of chalkboards themselves.

In 1910 the

modern schoolroom had blackboards on every available wall
space within reach of the students. 1950 sees the width and
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length of the chalkboard reduced, and still shrinking. Tne
black walls of yesteryear did present a gloomy ’’coal mine"
like classroom. The affect was not due alone to the black¬
boards. A section of blackboard, illuminated brightly, and
without reflections is not objectionable.

It does not pre¬

sent a problem to the interior decorator as any color will
harmonize with black.
The size of letters preferred, could vary with the
distance to the board, and in all probability, a teacher
would seat pupils with poor vision in the best location
possible. Although the observers could read small letters,
they did not want to. Their choice was for one and a half
and tv/o inch letters, but here again, the letters were hot
handwriting, nor with the stroke the width of chalk lines.
Further tests could be made with large diameter chalk.
Conclusive data was not obtained in this test as to
color combinations. White on black was quite conclusive,
but what color to use-on the blue, or the rea, or tne green
was not determined, although errors in reading appeared
«

frequently with adjacent colors. Until better data is ob¬
tained, the best suggestion would be to use a color of
chalk as far away from the color of the background as pos¬
sible, a tint on a shade, and complementary if possible.

APPENDIX I
Copy of Letter
Pittsburgh Plate Glass Go.
Pittsburgh 19 > Pa,
February I6th,

1953

Mr. Don Curtis
Department of Education
University of Massachusetts
Amherst, Mass.
My dear Sir:
I don’t believe that I can give you the exact scien¬
tific reason why we use largely green chalkboards, because
in arriving at this color we consulted with others who had
done considerable work, such as the Society for the Preven¬
tion of Blindness, General Electric Co. at Nela Park, etc.
We have found that some of the original thinking was wrong,
namely, that it would be better to have a positive, using *
dark chalks on a light background. A positive is easy to
read on a printed page, but on a chalkboard, where the area
of the background is so much greater, the total reflection
is far greater. Such a system is both hard on the eyes and
hard to read after having viewed it for some time.
The particular green we use seems to be best from the
standpoint of eye fatigue and also comes within the limits
of the total reflection that is found permissable. I under¬
stand that Nela Park has found that this green, with white
chalk, is most visible — even more so than white chalk on
black, where there is greater contrast. Yellow chalk was
originally recommended with the green but it doesn’t seem
to be much improvement over the white and has the dis¬
advantage that it comes off on the hands and clothing and
is much more expensive than the white and also is of in¬
ferior quality, which effects the writing.
I hope that these few remarks will be of service.
Very truly yours
George L. West(signed)
MANAGER STRUCTURAL GLASS SALES
GLW:ESF
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CHALKBOARD
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During the last hundred years chalkboard develop¬

unique and distinctive advantages over all other mate¬

ment has made little progress from the original use

rials used as a writing surface for chalk.

of the slate and stylus. Many substitute materials have
been developed and tried, but all have proven to have
definite disadvantages of one kind or another.

ARMORPLY CHALKBOARD ADOPTS NATURE’S
FAVORITE COLOR . . . for maximum readability,
eye-ease and pleasing appearance. Of all colors tested,

Armorply Chalkboard has been specially designed for

Chlorophyll Green, the color most commonly appear¬

use as a writing surface for chalk. It is an entirely new

ing in nature, has proved to be the best background

type of chalkboard developed as the result of intensive

for chalk. This is another big PLUS you get when

study and research over a period of years. It has been

you ask for Armorply Chalkboard. Special colors are

thoroughly tested in every respect and proved to have

available on request.

Armorply Chalkboard is one of the most outstanding advances in the
field of visual education. It takes chalk beautifully. Its porcelain-on-

ARMORPLY
CHALKROARD

steel face attracts permanent magnets ... permits the posting of papers
and visual aids to education, easily and quickly. No pressure is re¬
quired, no broken finger nails or bent tacks to bother you. Just place
small magnets in the top corners of the notice. It is securely held in
place until you are ready to remove it.
This combination feature identifies Armorply Chalkboard as a truly

becomes the
bulletin board
with a
magnetic
personality!

versatile teaching aid . . . adaptable to many uses, it will eliminate
unnecessary additional equipment. Both chalked messages and bulle¬
tins on paper can be posted on the same board. Students copying from
paper to the chalkboard can hold the paper in place with a magnet
and work freely. It’s a space-saver too. No need to devote separate
space to a bulletin board. Unused portions of the regular, permanently
installed chalkboard can “double” as a board for posting notices.
Armorply Chalkboard can be furnished silk-screened with diagrams,
grid-lines, maps or charts — permanently fused on the surface.
With the increasing emphasis on “visual education”, through use of
displays, objects and other media, the combined features of Armorply
Chalkboard offer an unlimited flexibility unique in its field.

the ideal writing surface, chalk
won't squeal or chatter
is easily and quickly erased
never needs refinishing

. . . defies abrasions, scratching,
chipping, cracking or denting
. . . cannot shatter or break under
impact, stress, temperature
changes or concussion
. . . can be washed clean with a
damp cloth

permits ready removal of pencil
and crayon marks with a dry
cloth

. . . will not warp or buckle

the perfect color background for
chalk

. . . can be permanently installed
or a portable unit

U&4&F&

ckclklo&o/id

dcvdfopcd •

SIZES*
1.

Standard size panels:

Widths
Lengths

36", 42", 48"
48", 72", 96", 120"

Special size panels:

Width
Length

Maximum of 48"
Maximum of 120"

Tolerance

Width
Length
Square

± 1/16"
± 1/16"

± .10°

* Sheets in widths of 36", 42", 48"; lengths of 72", 96" are stocked at the plant for immediate shipment.

THICKNESS:

The overall thickness of Armorply Chalk-

CORE MATERIAL:

The standard core material used in

an Armorply Chalkboard panel is 1/4" Weldwood Fir Ply¬

>oard is .3165", ± 1/64".

wood Exterior Grade, manufactured by the United States

WEIGHT:

Plywood Corporation in accordance with the Standards of

The weight of Armorply Chalkboard is 3.75
bs./sq. ft. Crated weight approximately 5.00 lbs./sq. ft.

the Douglas Fir Plywood Association.

-PORCELAIN - ON - STEEL - FACE:

BACKING SHEET: The

The porcelain-

namelled steel face of an Armorply Chalkboard panel is a
our-coat special composition of ceramic porcelain fired on
8 ga. enamelling steel at high heat and with special control.
This porcelain was designed specifically to take chalk and
erasure, is manufactured by the Bettinger Corporation of
Waltham, Mass., in accordance with Standards for Archiectural Porcelain as set by the Porcelain Institute and has
been tested thoroughly by The Electrical Testing Laboratory
of New York City for resistance to wear and abrasion. A copy
of the laboratory report of these tests is available on request.

metal backing sheet of an Armor¬

ply Chalkboard is usually .015 aluminum sheet, but other
metals or thicknesses may be used in the event of a metal short¬
age. In order to insure maximum use of scarce metal and
minimum cost, the backing sheet may also be composed of
more than one piece of metal, but this in no way affects the
panel quality or its guarantee.

BONDING:

The special porcelain-on-steel face and metal

backing sheet of Armorply Chalkboard are integrally bonded

GUARANTEE: Armorply

Chalkboards are guaranteed for
the life of the building in which they are installed under
normal conditions of usage and installation. Such guarantee
extends to replacement of the panel only, and does not include
the cost of removal or reinstallation.

Allston Burr Lecture Hall, Harvard University—Architect: Coolidge, Shepley,
Bullfinch & Abbott. .Installation by Spencer Sales Co.—Boston.

to the Weldwood core by means of special glues designed
for this purpose. The face and back cannot be removed from
the core without rupture of the core material, and the panel
will not delaminate under normal conditions of usage and
installation.

Bergen County Vocational School—Architect: Lawrence C. Licht,
Englewood, N. J. Installation by Atkins & Co., Inc.—East Orange.

A list of many Armorply Chalkboard installations available on request.

Installation

PLASTER

WOOD

WOOD TRIM
WOOD

GROUND

17 \

GROUND

Armorply Chalkboards may
be installed by any standard

a

SECTION • A

ft"x V

method as used for slate,

BUTT JOINT DETAIL

n
BB • 821 '

CHALKBOARD
CORK BOARD on

glass and composition type

Vj" x %" WOOD
M’LD’G.

WOOD TRIM

BACKING
SCRATCH

boards. Since the material is

'GROUND

A
ARMORPLY

WOOD M’LD’G.

y4 "

WOOD

MAP RAIL ■

Vi"x %"

la J£&

M’LD’G.
ARMORPLY —

CHALK TROUGH

COAT

CHALKBOARD

WOOD M’LD’G.

sold only through distributors,

SECTION • E

details of installation are
furnished by these distributors.

SECTION • D

WOOD
MAP RAIL • BB • 821

GROUND

SECTION

WOOD TRIM
V'x %

A.

Armorply Chalkboard can be in¬

stalled over securely anchored wood
grounds

with

or

without

WOOD M L

ARMORPLY CHALKBOARD
TRIM No. 27*1-

plaster

backing, and finished at the edges

GROUND
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r

WOOD CHALK TROUGH/

SECTION • C

SECTION • A
CORK BOARD on

with usual trim details. Inner tack

>/4" BACKING s

WOOD
WOOD TRIM -

GROUND

SCRATCH

mold must be a minimum of %"
against chalkboard face.

WOOD

COAT

TRIM No. 27*2

PLASTER

MAP & DISPLAY RAIL

B.

Armorply Chalkboard can be

No. 50*1

WOOD TRIM

used for display purposes with use

TYPICAL

of magnets, and tackboard surfaces

ARMORPLY CHALKBOARD

INSTALLATION DETAILS

eliminated.

C.

SECTION • B

Armorply Chalkboard may be mounted directly to plastered or un¬
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work. This method provides a modern and economical installation,
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especially suitable where chalkboard is used without conventional tack¬
board surfaces.
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with the Porcelain Institute standards for Architectural
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with sheet metal backing, as manufactured by the

scratches.

United States Plywood Corporation.
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Copy of Letter
GENERAL ELECTRIC CO
Nela Park, Cleveland 12, Ohio
May 13,

LAMP DIVISION
Application Engineering Dept.

1953

Mr. Don Curtis
Audio-Visual Center
University of Massachusetts
Amherst, Mass.
Dear Mr. Curtis:
Mr. W. H. Branch, Engineer, Educational Services, General
Electric Company, has asked us to reply to the second par¬
agraph of a letter you wrote them an April 6 asking partic¬
ularly about the reasons for the color of green used on
school chalkboards.
First of all, there is nothing sacred about the use of the
color green because there are other manufacturers of chalk¬
boards, not of glass, who make chalkboards in other colors.
Green seems to be the popular color because for many years
it has been used as a standard color in many calssrooms and,
because of its wida occurance in nature, it is rated as psy¬
chologically neutral. There are some other people who select
green rather than some other color because it complements
the color of the teacherrs complexion much more effectively
than would other colors.
The basis for the wide spread use of the green chalkboard
springs from the recommendations of the Quality and Quantity
Committee of the Illuminating Engineering Society who have
established maximum brightness ratios between the visual t
task and its immediate background. According to the latest
American Standard Practice for School Lighting, the maximum
ratio of brightness between the visual task and its immed¬
iate background should not be greater than 1-1/3 or 1 to 3.
The ratio between the visual task and the more remote areas
of the room should not exceed 1-1/10. This recommendation
has resulted in the use of light desk tops of 35-50# reflec¬
tion in order to keep the ratio between the desk top and a
white piece of paper lying on it within the recommended
brightness ratio. Carrying this same recommendation to the
chalkboard area, the recommended reflectance for school
room walls is 50-60# and, for that reason, the chalkboard
should have a brightness not less than 1/3 of that value.
For that reason, it was easy to recommend chalkboards hav¬
ing a 15-20# reflectance which stayed within the 1 to 3
ratio recommended. As you can see, this ratio is maintained
between the chalkboard and its wall without any additional
or special illumination on the board itself in which both

the chalkboard and the wall are lighted from the same
general light source.
There is nothing wrong with blackbords, of course, if there
is auxiliary illumination placed on them so that their bright
ness comes within the 1/3 to 1 ratio. Unless special illum¬
ination is used on blackboards, their low reflectance of
about 6% makes the brightness ratio greater than that recom¬
mended.
So far as I know, there are no standards set up on the sur¬
face roughness of chalkboards. They all have some form of
abrasive in the surface coasting or on the surface of the
material itself which gives it rough tooth to take the
chalk and still not qlog up with chalk dust of binder.
To answer your last question, both incandescent and fluor¬
escent lighting is used in classrooms designed to furnish
the minimum of 30 foot candles for general classroom work
on both the desk top and on the chalkboard. Since few gen¬
eral lighting systems will direct over half as much on the
vertical surface of the wall as on the desk tops, there is
a growing practice of specific illumination for chalkboard
purposes, both green and black, which builds up the illum¬
ination to the minimum of 30 footcandles or better and, in
the case of the blackboard, help to maintain the recoamend¬
ed brightness ratio.
I hope this answers your questions and, in order to give
you the background of some of these factors, I am including
with this letter a copy of the American Standard Practice
for School Lighting and a copy of MA Package of Lighting
Ideas for Your School'1 If I have left any question unanswer¬
ed, I shall be happy to have you write me again.
Very truly yours,
James M. Ketch (signed)
James M. Ketch
rnrs
cc: W. H. Branch
Enel:
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INTERCHEMICAL CORPORATION
Albany St., Cambridge, Massachusetts
l

April 28th.

1953

Mr. Donald Curtis
Audio-Visual Center
University of Massachusetts
Amherst, Mass.
Dear Mr. Curtis;
In connection with your inquiry of April 16th the only
chart with which the writer is familiar which shows colors
designated by Munsell and by Spectrophotometric designations
is 'the IPI Color Guide. I am sending you one of these charts
and we trust that it will aid you in your development of
your teaching aids.
Since this company has advocated the iise of the Munsell
Color System for many years, our color guide shows the
Munsell designation. Similarly since Professor hardy, who
invented the Recording Spectrophotometer, is on the staff
of Interchemical, the Spectrophotometer is in use within
OUr company and for this reason those readings now appear
on our color chart. Whether there are any other charts
that carry such designations we do not know, but you might
obtain further information from the General Electric Corp¬
oration in Schenectady, hew York, who manufacture the Spec¬
trophotometer.
Luminous inks that you refer to are a patented product
manufactured by Switzer Brothers and the work that you have
seen on billboards is done by the silk screen process. We
do not carry such inks but they can be obtained from silk
screen supply houses with suitable arrangements made for
using them as a licensee. These carry the trade name of
'•DAY-GLO11 and are most advantageously used by the silk
screen process, which deposits a heavy film. It is possible
that these could be applied by brush if you wished to make
some experiments.
We trust the above information is helpful °nd remain
Very truly yours,
INTERCHEMICAL CORPORATION
Printing Ink Division
Harold M Cowley (Signed)
Harold M. Cowley
MMC/ec

APPENDIX V
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1.

On which of the cards do you feel the letters are the
easiest to read?

Black

Red

Green

Blue

In line 4-, do you find the square easier to see than
the other patterns?

No

Yes

3. in line 5 which pattern stands out the.best?
Card color?
4.

Pattern?

On what card can you read line five the best?

Black

Red

Green

Blue

5. On what card is line five the hardest to read?
Blue

Green

Red

Black

6. Which size letter would you prefer if you should read
signs at this distance regularly?
Line

1.

2.

3.

4.

5.

smaller

larger

7. Copy the patterns on line five that you circled in
question 4

2

3

4

7

3

9

10

£
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